SUMMARY Kinetics of gut lymphocyte subpopulations were studied in normal and malnourished groups of mice infected with Giardia lamblia. The maximum parasite load was observed at second, third, and first week of postinfection in normal controls, moderate (8%) and severe (30/?) protein deficient groups respectively. The number of G lamblia trophozoite in 3% protein deficient group was low compared with control groups. A significant increase in T cell population of intraepithelial lymphocytes and lamina propria in normal and moderate protein deficient groups was observed with the development of infection. It was less marked, however, in the severely malnourished group. Interplay of mucosal immune status with nutrition and G lamblia infection is discussed.
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Infection with Giardia lamblia in man sometimes results in diarrhoea and malabsorption.i Histopathological abnormalities2 such as mild villous atrophy with mononuclear cell infiltration and decrease in the villous crypt ratio in small intestine have been reported. The infection is more severe in malnourished3 or hypogammaglobulenaemic children.' Wright et al reported that the degree of malabsorption is dependent on the intraepithelial lymphocyte counts. They did not, however, study the nutritional status of these subjects. Protein deficiency is known to increase the risk of infection5 probably through its deleterious effect on the host's humoral and cellular responses. 6 Ganguly et a17 reported no change in the splenic T lymphocytes but an increase in B lymphocytes in a mouse model established for G lamblia infection. 8 The recovery from G lamblia infection correlated with the splenic T cell number in thymectomised mice. Increased intraepithelial lymphocyte counts in the mice infected with G muris have been reported.9 As lymphocytes in G lamblia infection have been both linked with immunity and pathogenesis, there is need to examine the mucosal immune status in normal and immunosuppressed giardia infected mice.
In the present study, an effort has been made to study the lymphocyte subsets in intestinal epithelium and lamina propria of normal and protein deficient mice infected with G lamblia.
Methods

ANIMALS AND GROUPS
Two weeks old, closely bred infection free Swiss albino mice, reared in the Central Animal House of the Postgraduate Institute of Medical Education and Research, Chandigarh, India, were used for the study. They were fed with a commercially prepared diet for five days in the laboratory and then divided into experimental and control groups.
The experimental groups were given 8% and 3% protein deficient isocaloric diets and were pair fed with control (18%) diet. Details of the diet have been given elsewhere.'i) The animals were divided into four groups of 30 animals each: (1) Eight per cent protein deficient group (moderate); (2) Pair Kinetics oflymphocyte subpopulation in intestinal mucosa purified on a sucrose density gradient" and were adjusted to 10 000 cysts per 0-2 ml inoculum. These cysts were used to infect all the control and experimental animals.
The experimental animals were fed on a protein deficient diet and the establishment of protein deficiency was checked by the level of serum albumin. As a significant (p<001) drop in serum albumin (Figure) was seen in the 8% protein deficient group at two weeks, all the animals and their controls were infected at this time with G lamblia cysts. al. 14 For intraepithelial lymphocytes, the small intestine between the pyloroduodenum and ileocaecal region was removed and thoroughly washed with cold minimal essential medium (MEM) to remove food particles. The cleaned intestine was then spread on moistened filter paper to remove the Peyer's patches, blood vessels, and mesentery. It was opened longitudinally into small pieces. These pieces were treated with dithioerythritol and incubated at 37°C for 15 minutes in MEM containing 5 mmol of EDTA with constant stirring. The process was repeated thrice. The supernatants were pooled, centrifuged, resuspended in RPMI-5% fetal calf serum filtered through glass wool column and washed. Most of the lymphocytes obtained by this method were from epithelial cells. '3 The remaining gut pieces were processed for purification of lymphocytes from lamina propria. The gut pieces were washed with MEM and incubated for 20 minutes in RPMI-5% fetal calf serum to inactivate any remaining EDTA. These were then incubated with collagenase (25 u/ml) in RPMI-5% fetal calf serum at 37°C for 80 minutes with stirring. The supernatant was filtered through glass wool column and cells were washed twice with medium.
For further purification, the suspension from intraepithelium and lamina propria preparations were loaded separately on percoll density gradient'3 and centrifuged at 600 g for 20 minutes at 4°C. Lymphocyte rich preparation was recovered from 1-050/1085 g/ml density interface.
Our 
Results
The Figure shows the pattern of serum albumin concentrations in animals on 3%, 8%, and normal protein diet. By the end of the second week, the decrease in albumin concentration was significant (p<001) in animals fed on the 8% protein diet and highly significant in those given the 3% protein diet (p<O.OOl). Table 1 shows the cysts, trophozoites, and absolute lymphocyte counts from epithelium and lamina propria of G lamblia infected animals. Higher cyst and trophozoite counts were observed in the 8% protein fed animals as compared with their pair fed controls (p<0-01). In contrast a significant decrease was observed in the 3% protein fed animals as compared with its pair fed group. An increase in the epithelial lymphocytes of moderate and its pair fed infected controls was observed but intergroup difference was not significant. The count was, however, significantly lower in the 3% protein fed infected animals than in their pair fed control. The absolute counts of the lamina propria lymphocytes are slightly lower in the moderate deficient groups whereas in the severe deficient one it was significantly lower when compared with their respective controls.
The average baseline values of intraepithelial T cell population obtained from normal, 8%, and 3% protein fed animals were 4-9+2-1, 4-2±1 1 and 2-07±1-6 respectively. The figures for lamina propria T cells were 2-5±0-7, 2-1±0.6 and 1.9±0-9 respectively. Similarly, the basal values for B cells of intraepithelial population in normal, 8% and 3% protein fed animals were 0-98+0-4, 0-68+0-21 and 0-29±0-20 respectively and in lamina propria these were 0-35+0-27, 0-30±0-2 and 0.1±0-06 respectively. Table 2 shows the number of T and B lymphocytes in the epithelium of different infected groups. An upward trend was observed in moderate protein deficient infected animals and pair fed controls of both 8% and 3% protein fed animals. These values were higher compared with their basal values. The T and B lymphocytes in the 8% protein fed animals were high up to the fourth week and thereafter a decrease was observed. In severe deficiency, a slight increase in the T and B cells of the pair fed controls and consistent decrease in the 3% protein fed infected animals was observed. Table 3 shows the analysis of variance for intraepithelial T lymphocytes. A significant difference was observed between the groups and time (p<0-001 and p<0-01 respectively). Group 3 (severe deficiency) showed significant low values (p<001) compared with other groups where a significant decrease (p<005) in T lymphocytes was observed in the second and third postinfection weeks. For B lymphocytes (Table 3 ), a significant difference has been observed between the groups and time (p<0-001 and p<001 respectively). Group 3 has been observed to have a significantly low value (p<0-01) compared with the other groups. No change was noticed in intraepithelial B lymphocytes of protein deficient groups from their respective pair fed controls.
The pattern of T and B lymphocytes of lamina propria is shown in the Table 4. In the 8% pair fed group the peak T lymphocyte count was on the second week postinfection after which an insignificant decrease was observed. In contrast in severe deficiency a downward trend was observed until the end of study. 
Discussion
Results of the present study have shown that the mucosal lymphocytes in the intraepithelial cells were predominantly T cells whereas in the lamina propria they were a mixture of T and B cells. We detected approximately 6% B lymphocytes in the epithelial cells and about 13% B lymphocytes in the lamina propria. By a similar isolation technique, Lyscom and Bruton18 obtained 0-6% B lymphocytes in the epithelial cells and 28% B lymphocytes in the lamina propria. They had carried out the study with monoclonal antibody whereas we used rosetting technique for detection of B lymphocytes. This technique might give some false positive and negative reactions but because it was longitudinal the same variation will be reflected throughout the study.
The number of intraepithelial and lamina propria lymphocytes increased during the course of infection both in normal and 8% protein fed animals. This increase was mainly in the T cells, although the quantum of increase was much less in the latter group. A similar increase in lymphocyte population was also seen in jejunal biopsy specimens of human4 19 and murine giardiasis.9 The lymphocyte subpopulations were not identified, however.
A concomitant decrease in the trophozoite counts in normal and 8% protein fed animals was observed together with the rise in T lymphocytes in the gut. The elimination of the parasite in the 8% protein group was delayed.
The 3% protein fed animals behaved differently; in these a marked decrease in intraepithelial and lamina propria T lymphocytes was seen as was also observed by Maffei et al.N2 After infection, in contrast with other groups, there was no increase in the gut lymphocytes thereby indicating a low degree of immunoreactivity at the gut level in these animals. Unlike the 8% protein fed group, where slightly low T lymphocytes were seen in comparison 
